LA-UR-18-28474

Approved for public release; distribution is unlimited.

Title: High-energy Particle Physics -- In Space!
Author(s): Albert, Andrea
Intended for: LANL NEN Seminar

Issued: 2018-09-05

VA

.
s LonLuamos




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC for

the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By approving this
article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published
form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the
publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



2 pamoes T
("”G"333 o » , ,4
oo JLosAlamos  HAWC

/ Space Telescope Figh Altitude Water Cherenkov
: NATIONAL LABORATORY Gty Qenen
EST.1943

High-energy Particle Physics

In Space!
Fermi LAT & HAWC Andrea Albert
C?Ilao-!"ations Los Alamos National Laboratory

NEN Seminar
September 6, 2018




Photons are an Astronomical Probe

AWC

High Altitude Water Cherenkov
Gamma-Ray Observatory

Quiver Tree Forest
Namibia Africa

http://apod.nasa.gov/apod/
ap121212.html
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Photons as an Astronomical Probe
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Quiver Tree Forest
Namibia Africa
http://apod.nasa.gov/apod/
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Different Wavelengths Probe Different
Physics




/ Gamma rays Probe the Extreme,

o o
‘Essermi

il Non-Thermal, Universe AWC

/ Spﬁﬂ“ Tt"é‘-fOPP - 1 High Altitude Water Cherenkov
T Gamma-Ray Observatory

<
1K 100 K 10,000 K 10,000,000 K
-272 °C -173°C 9,727 °C ~10,000,000 °C
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Thermal Processes

Extreme Universe
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Gamma rays Probe the Extreme,
Non-Thermal, Universe

tude Water Cherenkov
mma-Ray Observatory

High Alti
Ga

Visible photons E ~ 1 eV
Gamma-ray photons E ~ GeV (1,000,000,000 eV)

Radio Microwave Infrared Visible Ultraviolet -ray Gamma ray
10° 1072 107° 0.5%10™® 10°® 1009y, 107
104 108 10'2 10'° 10'® 1018 107

Thermal Processes
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High Altitude Water Cherenkov
Gamma-Ray Observatory

/ O : Different Wavelengths Require Different
Telescope Technologies

THE ELECTRO MAGNETIC SPECTRUM

Wavelength
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Radio Microwave Infrared  Visible Ultraviolet X-Ray  Gamma Ray
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/ Different Wavelengths Require Different P
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THE ELECTRO MAGNETIC SPECTRUM

Wavelength
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Radio Microwave Infrared  Visible Ultraviolet X-Ray  Gamma Ray
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2 :
s, ermi Current Gamma-ray Observatories

Gamma-ray
Space Telescope

AWC

High Altitude Water Cherenkov
‘Gamma-Ray Observatory

La Palma, Canary Islands ° ; =
29° North LatitUde, ~5° f.0.V. Khomas nghland of Namibia

Tucson, Arizona - s 23° South Latitude, ~5° f.o.v.
31° North Latitude, ~5° f.o.v. 30 GeV -~ =30 TeV ~30 GeV -- ~100 TeV

~85 GeV -- ~50 TeV

| HAWC Observato

 EETTERNE
- = e . e~
LTI I e

,,,,,,

Fermi Large
W Area Telescpe
Low earth orbit (565 km)
28.5° orbital inclination, ~2 sr f.o.v.

Parque Nacional Pico de Orizaba, Mexico 20 MeV -- > 300 GeV, ~100% Duty Cycle

e R

19° North Latitude, ~2 sr f.o.v. (AGILE has similar technology, but has
~50 GeV -- ~100 TeV, ~100% Duty Cycle limited energy resolution)

11



| LaPalma, Canary Islands ; =
= 29° North LatitUde, ~5° f.0.V. Khomas nghland of Namibia

Tucson, Arizona - s 23° South Latitude, ~5° f.o.v.
31° North Latitude, ~5° f.o.v. 30 GeV -~ =30 TeV ~30 GeV --~100 TeV
85 GeV -- ~50 TeV

AAFSAS M1

Air Cherenkov Telescopes (ACTs) have
~Jdeeper exposure, better angular resolution,
& but smaller field of view and only operate at

night in during good weather

~50 GeV -- ~100 TeV, ~100% Duty Cycle limited energy resolution) 12
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<l ermi Current Gamma-ray Observatories K

/ Gamma-ray
/ SDﬂfl’ Tele“(’pe e High r\:}i

d HAWC (~1 TeV) and Fermi LAT (~1 GeV) are |
_J complementary wide field of view survey

- monitoring of the gamma-ray sky across 7
decades of energy (20 MeV to >100 TeV)

Fermi Large

AW Area Telescpe
Low earth orbit (565 km)
28.5° orbital inclination, ~2 sr f.o.v.

Parque Nacional Pico de Orizaba, Mexico 20 MeV -- > 300 GeV, ~100% Duty Cycle
19° North Latitude, ~2 sr f.o.v. (AGILE has similar technology, but has

50 GeV -- ~100 TeV, ~100% Duty Cycle limited energy resolution)
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@, ermi Fermi Large Area Telescope (LAT) %
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 On board the Fermi Gamma-ray Space Telescope
— Launched June 11, 2008 (science mission started Aug. 2008)
« Mission extended at least through 2018

* No consumables
— Orbit re-entry expected ~2026-2044 (depending on solar activity)
— LAT has triggered on ~500 billion events

* Processed ~100 billion events (>1 Petabyte!)

Large Area Telescope (LAT)
Observes 20% of the sky at any instant, views entire sky every 3 hrs
20 MeV - 300 GeV - includes unexplored region between 10 - 100 GeV

/

Can go >300 GeV

Gamma-ray Burst Monitor (GBM)
Observes entire unocculted sky

Detects transients from 8 keV - 40 MeV '“\. &
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ST e—————————————————————————————

Aug. 2008)

on solar activity)

Can & my Ph.D. adviser Dr. Brian Winer got
his facebook profile pic at launch

=44
Gamma-ray Burst Monitor (GBM) .- \
Observes entire unocculted sky E \“
Detects transients from 8 keV - 40 MeV '“P
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Gamma-ay

/ Space Telescope

Public Data Release:
All y-ray data made public
within 24 hours (usually less)

Si-Strip Tracker:
convert y->e*e

reconstruct y direction
EM v. hadron separation

Hodoscopic Csl Calorimeter: [«

measure y energy
image EM shower
EM v. hadron separation

Trigger and Filter:
Reduce data rate from ~10kHz
to 300-500 Hz

Fermi LAT
A Fermi LAT Collaboration:
Incident | ~400 Scientific Members,
y 7 Angle (6)| NASA / DOE & International
‘,4. Contributions
eem B0 [0 o E

Andrea Albert (LANL)

Anti-Coincidence Detector:
Charged particle separation
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@, ermi Simulated 27 GeV Gamma-ray Event Xﬁé

/ 593(9 Tt"t‘*mpt’ - 1 High Altitude Water Cherenkov
T Gamma-Ray Observatory

Incoming y-ray direction

Optical Wrap

CsI(TI) Crystal

Andrea Albert (LANL) 18




@, ermi Simulated 27 GeV Gamma-ray Event Xﬁé

; ray
/ 593(9 Tt"t‘*mpt’ - 1 High Altitude Water Cherenkov
T Gamma-Ray Observatory

Incoming y-ray direction

Optical Wrap

CsI(TI) Crystal
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@ss, ermi Simulated 27 GeV Gamma-ray Event

Gamma-ray

/ R Thacia XWC(

High Altitude Water Cherenkov
Gamma-Ray Observatory

Optical Wrap

CsI(TI) Crystal
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Hodoscopic CAL gives

provides 3D directional info

Andrea Albert (LANL) 21



LAT Simulated 1 TeV Gamma-ray Event
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@, ermi The HAWC Observatory

" Gamma-ray
Space Telescope

High Altitude Water Cherenkov
Gamma-Ray Observatory

Water Cherenkov tank

Joint NSF/DOE/CONACYT (Mexico)

HAWC comprises an array of 300 tanks that record the
Jbservatory

particles created in gamma-ray and cosmic-ray showers.

and night, providing
for the observation

air shower
particle

200,000 L of
purified water

Puebla, == Cherenkov
Mexico _ light photomultiplier
. g W G tube (PMT)

Particles inside the shower produce
Cherenkov radiation that is detected
by the PMTs.

e

Gamma rays vs cosmic rays

HAWC selects gamma rays from among a much more
abundant background of cosmic rays.

gamma-ray shower cosmic-ray shower

X Iy R
i

3 L % et
ERAU ol

®
A“ .*

HAWC is located at 4,100 m
above sea level, covering
an area of 20,000 m?.

“hot” spots concentrate “hot” spots are more

Andrea Albert (LANL) around the core dispersed 23
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- S—— The HAWC Observatory

Gamma-ray

/" Space Telescope

XWG

High \lmu(lc \\n(cr ( hcrcnlm\

Joint NSF/DOEF/CONA Water Cherenkov tank

current supervisor’s facebook profile
pic (Dr. Brenda Dingus)

exico)
HAWC comprises an array of 300 tanks that record the
particles createc’ in gamma-ray and cosmic-ray showers.

| air shower
particle

200,000 L of
purified water

photomultiplier
tube (PMT)

My colleague Kelly Malone (graduate
. student at Penn State)

HAWC is located at 4,100 m
above sea level, covering
an area of 20,000 m?2.

Andrea Alber s



< ermi The HAWC Observatory

AWC

er Cherenkov

High Alti
Ga

Water Cherenkov tank

p = proton
I = muon
T = pion
V = neutrino
et = electron
e” = positron
v = photon

amima rays vs cosmic rays

HAWC selects gamma rays from among a much more
abundant background of cosmic rays.
gamma-ray shower cosmic-ray shower
tod
% b 23 ":‘; ®
HAWC is located at 4,1 o' A0 ® S L o
above sea level, covering e ‘
an area of 20,000 m?.
\ : “hot” spots concentrate “hot” spots are more
\ ‘ around the core dispersed 25



http://www.youtube.com/watch?v=j-BBzWlOai0
http://www.youtube.com/watch?v=j-BBzWlOai0
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' Gamma»ray
Space Telescope

The HAWC Observatory

AWC

High Altitude Water Cherenkov
Gamma-Ray Observatory

~60 TeV gammaray ' -
event from the Crab =-a Anale of ori .
X’ & 56 d ngie o p;"fnary IS Primary cosmic ray
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420 O
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g 2501 1 | s & E f ori i
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XD Y 0.0
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Andrea Albert (LANL)
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/' Gamma-ay
Space Telescope

27

AWC

Complementary Sensitivity

High Altitude Water Cherenkov
‘Gamma-Ray Observatory

__Differential Sensitivity per Quarter Decade

w Crab
& 10‘10 / HAWC-100 1 yr
| L
-
- &)
9
5 g
m — 101}
L - Fermi 5 yr
©
E H.E.S.S./VERITAS 50 hi
O
_ 0.01 xCrab
TR A i
= >
o s
=
%" - 10 photons
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] :
m : (" \\\\
10* 10° 10° 10* 10°

arXiv:1306.5800

Energy [GeV]

Andrea Albert (LANL)
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/' Gamma-ay
Space Telescope

AWC

High Altitude Water Cherenkov
‘Gamma-Ray Observatory

Complementary Sensitivity

__Differential Sensitivity per Quarter Decade ___
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s ermi Fermi LAT GeV Gamma-ray Sky
B i
Fermi Large Area Telescope

7 year map >1 GeV

I T |

10° 10™ h 0'13 1 10
Intensity (>1 GeV,cm™ s sr’) 29



Fermi LAT GeV Gamma-ray Sky X XWC

High Alitude

Active éaiéctic Nuclei Markarian 501
(AGN)~—,

(AGN)

N
10 10° 107
Intensity (>1 GeV, cm?s™ sr')




Markarian 501

Geminga
Pulsar \

|
10° 10™ h 0'13 1 10
Intensity (>1 GeV,cm™ s sr’) 31




@, ermi Fermi LAT GeV Gamma-ray Sky

XWG

High Alti I \\ (I enkov

Markarian 501
(AGN)~,

Diffuse emission . . . s
- complex'gas structure ™# =~ iy . 21y

- particle interactions .

Geminga
Pulsar \

€ nucleon-nucleon

‘— collision
\Bremsstrahlung
e
—— \g I_2
fields * Inverse 1(_) _21 0_1 5 10
Compton (IC) Intensity (>1 GeV,cm™ s sr’) 32



@, ermi Fermi LAT GeV Gamma-ray Sky XWC
s ¥ 12 A L £

Markarian 501
(AGN)~—,

Geminga
Pulsar \

Diffuse emission _ _ : . . ’ _ 04
- particle interactions ; \ .
R Galactic Center

Dark Matter?
- Will be a-small piece

Expected DM signal

|
10° 10™ h 0'13 1 10
Intensity (>1 GeV,cm™ s sr’) 33
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s ermi Fermi LAT GeV Gamma-ray Sky

Markarian 501
(AGN)~—,

Geminga
Pulsar \

Diffuse emission . . . ’ _ 04
- complex'gas structure ¥ - ~ vt . :
- particle interactions . \ .

Galactic Center

I
10° 10 h 0'13 1 107
Intensity (>1 GeV,cm™ s sr) 34




s crmi HAWC TeV Gamma-ray Sky

HAWC 1 year >1 TeV

Markarian 501
(AGN)~.

Geminga
Pulsar \

N

Galactic Center

sqrt(TS) 35



Markarian 501
(AGN)

‘n

Geminga
Pulsar

_2 _l -() 1 2 3 4 0 1 2 3 45 6 7 8 9 10

sqrt(TS)

sqrt(TS) 36
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/ Space Telescope

HAWC 1 year >1 TeV
Equatorial Coordinates

High Altitude Water C
Gamma-Ray Observa

4 L]
Markarian 501 Markarian 421

Crab Nebula

Geminga

At a latitude of ~20°, HAWC is can see the
sky from about Declinations +60° to -20°

37
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Esserml
Gdr?'-ma ray
Space Telescop:
- 4
Ty 10 [+ — 4+ LEAP - satellite
3 102 = u*‘,,*: : g - Proton - satellite
> .. % (1 particle/m’-sec) % Yakustk - ground array
8 - i #"4 y ,/ & Havorah Park - ground array
“5 10-1 - +i o Akono - ground array
"E — FAN AGASA - ground array
-~ _— 0 Fly's Eye - air flucrescence
x -
2 10" — * HiRes1 mono - air flucrescence
u- e HiRos2 mono « air flucrescence
— HiRes Storeo - air fluorescence
10-7 — (=) Augeor - hybrid
10710 - Knee
- 1 partuclelm year)
10
107
10-19 .
102 =
102
— 0 \ 9 o
— \ ~{1 particle/km’ -century)—} ‘
102 [ [ 1 [ | [

What is the source of high-energy
cosmic rays?

10° 10" 10" 10" 1013 10™ 10" 10" 10" 10" 10" 10*

Energy (eV)

http://www.physics.utah.edu/~whanlon/spectrum.html

AWC

High Alti I \\ LI enkov

.......

Here ‘cosmic rays’ = particles
like protons and electrons
— different than y rays

We observe particles with
10,000,000 times more energy
than the collisions at the LHC
— Where do these come from?
— What is giving them all that
energy?

Highest energy events are rare

and require huge arrays like

Pierre Auger

— Pierre Auger area is ~1,000
km?

— ‘Oh my god’ particle observed
with E = 3*10%° eV in 1991 with

Fly’s Eye (Utah)
38
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‘@ ermi Cosmic-ray Protons should make pions —
4 0 0 0
S, p+p—ptptn T —YY
e gas nucleon-nucleon
‘\ collision

-

* high-energy protons will create pions
— neutral pions quickly decay to a
pair of gamma rays
— energy spectrum of gamma rays
from pion decay would peak at
m_/2 ~70 MeV

e Supernova remnants are possible

sources of cosmic-ray proton magenta = Fermi GeV gamma-ray

] emission,
acceleratlon_ ] yellow = optical wavelengths,
— to test this hypothesis, we can blue, cyan, green, red = infrared data (3.4,

search for the ‘pion bump’ using 4.6, 12, 22 microns)
Credit: NASA/DOE/Fermi LAT Collaboration,

the Fermi LAT NOAO/AURA/NSF, JPL-Caltech/UCLA
https://www.nasa.gov/mission_pages/GLAST/news/supern

Andrea Albert (LAIQV@-cosmic-rays.html 39
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@5, ermi Pion Bump Seen in Supernova Remnants X\/VC
Gar“"na ray
/ Spﬁ"" Tf"‘“‘j'ﬂl?f‘ —— _ _— —_____—_______—__________________—____ _  _  _ _  _  _ _ _  _ _ _ ______1] High \} “““““ | “ U enkov
i IC 443 i W44
1010 é 3 1010 Ackermann et al
i E % 5 Science Vol. 339,
8. - y e F Issue 6121, pp.
§ L E | . 807-811(2013)
()] o
E)/ 10-11:_ E)/ 10-11:— T*
w i w = \
3 - 3 - ‘
Z | =z | |
(\"O | < Eest-ﬁt‘-%qken power law g:,o - Best-fit broken power law
= 2 VERITAS (30) w o FemiLAT
1072 i p\ﬁélcilg((iiz%) 1072 e 0 deca(y 9
= - -
E || S Bremss?lrahlung Y E | Bremsstrahlung
L ~—T — Bremsstr]ahlung with Breal}( | '!, | . Bremss;rahlung with Bre?k |
10° 10° 10" 10" 10'2 10° 10° 10" 10" 10'2
Energy (eV) Energy (eV)

* pion bump seen from two supernova
remnants: IC 443, W44
— direct detection that supernova
remnants are cosmic-ray proton
accelerators
e protons required to make these
gamma rays only require energies
up to ~1 TeV

— doesn’t explain ‘oh my god’ Fermi-LAT gamma-ray image of two supernova
particle remnants: W44 and IC 443 40




The Crab Nebula

/" Space Telescoy
' —e— MAGIC data
f; 107 | e : —u— Fermi-LAT data
o arXiv:1406.6892 — Radio - X-ray date
£ ! — MHZ (total)
o " P : ~—— MHZ (Sync, radio)
= 107p e 5 ST i """""""" MHZ (Sync, wind)
e i MHZ (dust)
o ] ~——— MHZ (IC from sync)
ZI3 .ol ' MHZ (IC from dust)
g 10 : ——— MHZ (IC from CMB)
» ;x .
10'10 = : i i e
| e S
LBl 3 e A -
1! II ll 1' 1| l 1!] II 1[ 1! 1| 11 ll 1 1; 1| l 11 I i
10" 10™ 10" 10" 10® 10° 10* 107 102  10*
_ _ o E (GeV)
radio microwave Vvisible X-ray gamma-ray

Space must also accelerate electrons

— high energy electrons observed by e.g. AMS
Know Pulsar Wind Nebula power electrons since we see

synchrotron emission in radio/microwave

— high energy electrons upscatter Cosmic Microwave
Background (CMB) photons to gamma rays

* inverse Compton (IC)

Andrea Albert (LANL)

Crab Nebula in various wavelengths
credit: GFSC/NASA

qetQ Jeak | OMVH

0 8 16 24 32 40 48 56 64 72 80

significance [o] 41
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The Crab Nebula -- Looking for the Highest

Inverse Compton component decreases rapidly at high energies

— electrons lose energy too quickly to get energetic enough to create
greater than about 60 TeV gamma rays
— high energy protons are expected to create highest energy gamma rays

« HAWOC is primed to observe the highest energy gamma ray ever detected
— upgrade underway to expand array and improve sensitivity above 10 TeV

by a factor of 3-4 Andrea Albert (LANL) 42
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@ss, ermi Upgrade to HAWC Array /W)C/
/ ' sﬁi??i.’lifope g A Vit Crereov
SN S 4.0
~60 TeV gamma ray
A. Sandolval arXiv:1509.04269 5
m&1w’w : 3001 3.0
] \ 125
700 _ 120 9
gZSO i, 5 g
» 110 3
0.5
200 -
0.0
-0.5
150 £ I L L = -1.0
=50 0 50 100
X [meter]
o Upgrade to HAWC array is
underway
o add larger, sparse array of
small tanks
o Provide better measure of high

energy showers
o expect gain in sensitivity
Andrea Albert (LANL) > 10 TeV of about 3-4

43



/.
S5, sz

Gamma-ray

/ Space Telescope

« Dark Matter is the gravitational glue
that holds e.g. galaxies together

WIMP Dark
Matter Particles
Ecm~100GeV

v (km/s) observed

expected from
luminous disk

110 radius, kpc

' -M33 rotation curve

 Weakly Interacting Massive Particle
— promising DM candidate
— fundamental particle beyond Standard Model
* Being searched for at LHC and underground
experiments (e.g. LUX)
— WIMP annihilations may produce ¥y rays
* weak scale annihilation cross section =» observed
abundance of DM Andrea Albert (LANL)

Searching for Dark Matter with Gamma Rays}’
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Atoms

Dark
4.9% Energy
Dark 68.3%
Matter

26.8%
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http://www.youtube.com/watch?v=QDj3Gdi64v0
http://www.youtube.com/watch?v=QDj3Gdi64v0
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L

D. Malin .

Sextans

Ursa Minor
- Draco
(‘omai I\vl Here %

" | M(-U.\iall

iMilky Wayedeasite,
e Q Y

Carmna

]
-

Sculptor

(Bullock, Geha, Powell)
Andrea Albert (LANL)

High Altitude
‘Gamma-R:

The Milky Way is
surrounded by small
satellite galaxies

Close to Earth
(25 kpc to 250 kpc)

Optical Luminosities
from 10°L_ to 107L_

Astrophysically
inactive

Most dark matter
dominated objects
known

Slide credit:
A.Drlica-Wagner

46



s

o
“sermil

Gamma-ray
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i Sextans

I Teqa N‘I.Ilof

' O(,)bserving 9amma rays from
warf galaxies would be 3

Smoking gun for dar
annihilation k matter

Carmna

D. Malin .

(Bullock, Geha, Powell)
Andrea Albert (LANL)

The Milky Way is
surrounded by small
satellite galaxies

Close to Earth
(25 kpc to 250 kpc)

ical Luminosities
103L0 to 107LQ

strophysically
active

Most dark matter
dominated objects
known

Slide credit:
A.Drlica-Wagner
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1

A

higher cross section (6) — more annihilations — more gamma rays

Dark Matter annihilates at
rest, so cannot get gamma
rays above the rest mass
energy of the DM particle

more gamma rays
dN/ dE (a.u.)

m_,,c?
Gamma-ray Energy (a.u.)

¢ is the annihilation cross section. Larger ¢ means there is a larger chance of interaction.

Andrea Albert (LANL) 48



S — Limits from Dwarf Galaxies XV?C
102
1072

— 4-year Pass 7 Limit
10-22L — 6-year Pass 8 Limit

95% Containment

0-24| The Fermi LAT Collaboration
arxiv:1503.02641v1

E —~  Median Expected \ \——///’/’_
68% Containment —

XX—T T .
““““““““““““ HAWC Combined
10—26 E
= Fermi-LAT Dwarf Galaxy (Combined) | ]
:_ ——————————— Veritas Seguel
10_27 2 HESS Dwarf Galaxy (Stacked)
. . . = Magic Seguel
10! 102 10° .
1
DM Mass (GeV/c?) 10

M, [TeV]

* No gamma-ray excess observed in dwarf galaxies
 Together Fermi LAT and HAWC limits constrain dark
matter models for masses from ~2 GeV to 100 TeV

Andrea Albert (LANL)
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SPaCé Telescope . High Altitude Water Cherenkov
-_——_m _m_ Gamma-Ray Observatory

102
1=
e 1O
T
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0‘-’8 10-—24
(&)
h
w10
<)
~ ,
i st —— HAWC Combined
10—26 e . . E
= Fermi-LAT Dwarf Galaxy (Combined) | :
_________ ’ g ' Veritas Seguel g
10~%7 ~—— HESS Dwarf Galaxy (Stacked)
) ) ) = Magic Sequel
10! 102 103 . N ... . ————
1 2
DM Mass (GeV/c?) 19 19

M, [TeV]

* No gamma-ray excess observed in dwarf galaxies
 Together Fermi LAT and HAWC limits constrain dark
matter models for masses from ~2 GeV to 100 TeV

Andrea Albert (LANL) 50



s
@, ermi Summary

Gamma-ay

/ Spm‘r‘- Te-lec.mpe

* The Fermi LAT is an awesome particle detector in space!
— in orbit for 8 years and counting

 HAWC is an awesome particle detector in the highest mountains
in Mexico!
— Operating with full array since March 2015
— New detector expansion underway to reach highest gamma
ray energies

« Gamma rays tell us about high energy particle physical
mechanisms in space
— help us answer fundamental questions
* “where/how are the high energy cosmic rays accelerated”
e “what are the particle properties of dark matter”

Andrea Albert (LANL) 51
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5 1073
= %8_5 Increasing
E 10—2 <ov>
10~
= 10*® \\—&———
y S 1079 ¢
 l ao 10710 i, S
. ~ artist’s concept E %8:1; \\‘\l/____
®) ]_0—13
. . . E 10—14 | IIlIllII | IIIIIIII L 11111
« Weakly Interacting Massive Particle o 1 101 102 103

time——

(WlMP, x) E. Kolb and M. Turner, The Early /T
_ GeV _ TeV mass Scale Universe, Westview Press ( 1994)
— WIMPs may be thermal relics
— e.g. neutralino (SUSY, electrically neutral, stable, motivated theoretically)

Assuming a weak scale ¢___yields observed relic abundance
— <gv>__ ~3x10° cm’s (o, ~ 3 pb at time of decoupling)

Particle DM annihilation may produce Standard Model particles 53
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v . Spectral line _

Vs Z; e

Indirect Dark Matter Detection }*

Broad spectrum

WIMP Dark
Matter Particles
Ecm~100GeV

7

 The Milky Way sits in a large halo

of cold DM (v, <<c)

~

W/Z/q

=

+

=

ViuVe
e[S

a few pip, did
Anti-matter

— Expect additional DM overdensities (halos / subhalos)
e e.g. Milky Way dwarf galaxies

e e.g. Galaxy Clusters

WIMP annihilations (decays) may produce gamma rays
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Gammar ray
/SmfeTelescope R R R R R RRRRBRRRRSRBSSNBRRDRD=_DBSSRESSSESDDDDDRRRRR W\
Blue = Known prior to 2015
Stellar density field from Red triangles = DES Y2Q1 candidates

SDSS and DES Red circles = DES Y1A1 candidates
Green = Other new candidates

e —
cvn il ) OXM s e+

Drlica-Wagner et al. 2015
arXiv:1508.03622

DES footprint in Galac’uc coordinates (~5000 deg?) 12

* Optical surveys are quickly improving in both sky-coverage and depth
— ~15 new dwarf galaxy candidates discovered with Dark Energy Survey (DES), Sloan
Digital Sky Survey (SDSS), and Panoramic Survey Telescope and Rapid Response
System (Pan-STARRS

* Fermi LAT and HAWC have already observed these objects due to all-sky coverage
55



